pediatric intensive care unit; 3 patients (0.6%) died. The most frequent clinical presentations were pneumonia, influenza-like illness, wheezing exacerbation, and convulsions. Predisposing underlying illnesses were detected in 48.7% of patients. Patients with metabolic and neurologic disorders were at highest risk for severe complications (relative risk, 6.5 and 2.9, respectively). In addition, patients with cyanotic heart lesions and infants 3 months or younger who were born at 33 weeks' gestation or earlier tended to require higher rates of mechanical ventilation. The hospitalization rate for 2009 influenza A(H1N1) was 0.7 per 1000 children. The mortality rate was 3.6 per 1 000 000 children.
Conclusions:
The severity variables for 2009 influenza A(H1N1) were similar to the figures reported for seasonal influenza. Patients with underlying metabolic and neurologic metabolic disorders and presumably patients with cyanotic heart lesions and infants born prematurely are at highest risk for severe complications following 2009 influenza A(H1N1) infection.
Arch Pediatr Adolesc Med. 2010; 164(11) : [1015] [1016] [1017] [1018] [1019] [1020] [1021] [1022] T HE NEW STRAIN OF PANdemic influenza A(H1N1) virus that appeared in Mexico in March 2009 caused extensive disease, especially in young adults. [1] [2] [3] Information on the clinical spectrum of illness and risk factors for development of severe disease in children infected with 2009 influenza A(H1N1) is still emerging for different phases of the virus activity and from several geographic areas of the world, where different ways of coping with the disease were used. [4] [5] [6] [7] Despite previous investigations of 2009 influenza A(H1N1) infection in children, the clinical spectrum, severity, and risk factors had not been fully elucidated.
In this multicenter study, we prospectively collected information about children hospitalized with 2009 influenza A(H1N1) over a 5-month period before, during, and after the peak activity period of this virus in Israel. Data were collected from individual patients rather than via a computerized database. This information was used to determine the hospitalization rate in pediatric populations and to characterize the clinical spectrum of 2009 influenza A(H1N1) virus infection among hospitalized children in different age groups and among specific groups of patients at risk.
METHODS

STUDY DESIGN
We prospectively collected clinical and epidemiologic data on patients 18 years or younger
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hospitalized with laboratory-confirmed 2009 influenza A(H1N1) infection in 7 medical centers representing different areas of Israel from July 12, 2009 , to December 24, 2009 . Only centers that routinely tested patients with suspected influenza (any patient admitted with acute respiratory or acute unspecified febrile illness) were included in the study. The test was a reverse transcription-polymerase chain reaction assay performed at the Israeli Ministry of Health reference virology laboratories.
HOSPITALIZATION RATES
To minimize underestimation of influenza-related admissions in determining hospitalization rates, we used data from 3 medical centers that had the highest percentages of 2009 influenza A(H1N1) testing and cases per total number of hospitalizations. Because these hospitals represent 15.2% of all annual pediatric hospitalizations in the country, we multiplied the number of patients hospitalized with 2009 influenza A(H1N1) at these 3 centers by 6.6. The number of calculated influenza hospitalizations in the country was then divided by the number of Israeli children in the different age groups. Information on the population size of the different age groups of children in Israel, as well as the number of hospitalizations at the various hospitals in the country, was obtained from the Israeli Statistical Bureau.
The mortality rate was determined based on official numbers provided by the Israeli Ministry of Health. To calculate the mortality rate, we used the pediatric population in Israel as the denominator.
Distribution comparisons between dichotomous variables and continuous variables were performed using the 2 and t tests, respectively. The study was approved by the ethics committee of Edith Wolfson Medical Center, Holon, Israel.
RESULTS
Data on 478 patients (267 male and 211 female) with laboratory-confirmed 2009 influenza A(H1N1) were collected. During the study period, which paralleled the activity of 2009 influenza A(H1N1) virus in Israel, more than 98% of influenza virus isolates in Israel were of this strain.
The distribution of hospitalizations according to 2009 calendar week is shown in Figure 1 . The mean age of patients studied was 6.1 years (age range, 0.03-18 years), and the mean hospitalization duration was 3.9 days (range, 1-50 days) ( Table 1) . The mean interval from onset of symptoms to hospitalization was 2.9 days (median, 2 days; range, 0-21days).
Forty-two patients (8.8%) were admitted to the pediatric intensive care unit (PICU), and 15 (3.1%) required mechanical ventilation. The PICU admission rate was higher after the week beginning November 13 compared with earlier weeks (15.5% vs 6.8% of all patients hospitalized with 2009 influenza A[H1N1], P=.02) (Figure 1 ).
Three patients in our series died. According to the Israeli Ministry of Health registry, 9 patients 18 years and younger infected with 2009 influenza A(H1N1) had died in Israel since the beginning of the outbreak; all of them had severe underlying medical conditions.
HOSPITALIZATION AND MORTALITY RATES
The hospitalization rate for patients in the Israeli population 18 years or younger was 0.7 per 1000 ( Table 1 ). The rates for the different age groups are given in Figure 2 . The mortality rate in Israel was 3.6 per 1 million children.
CLINICAL MANIFESTATIONS BY AGE GROUP
The most common clinical syndrome was pneumonia, affecting 172 patients (36.0%), and 134 patients (28.0%) who had no evidence of pneumonia on their chest radiographs were discharged with the diagnosis of influenzalike illness or upper respiratory tract infection (ILI/ URI) symptoms. These results are summarized in Table 1 .
Patients initially seen with pneumonia tended to be younger and had higher rates of predisposing respiratory system illnesses and of tachypnea and hypoxemia compared with patients admitted with ILI/URI symptoms. In addition, patients with pneumonia had higher white blood cell counts, absolute neutrophil counts, and C-reactive protein levels, as well as longer mean (SD) intervals from onset of symptoms to hospitalization (3.7 [2.9] Forty-two patients (8.8%), most with asthma, were hospitalized for exacerbation of their underlying respiratory illness, and 41 patients (8.6%) had seizures, mostly febrile. Thirty-one patients were admitted with a nonspecific febrile illness, and 29 patients had predominant gastrointestinal tract symptoms. Central nervous system involvement affected 5 patients, including meningococcal meningitis (1 patient), aseptic meningitis (1 patient), encephalitis (1 patient), and encephalopathy (2 patients). Two patients were diagnosed as having Kawasaki disease in temporal association with 2009 influenza A(H1N1) infection.
LABORATORY MARKERS
Mild elevation in liver enzymes (aspartate aminotransferase or alanine aminotransferase level Ͼ60 U/L) was 
UNDERLYING MEDICAL CONDITIONS
Two hundred forty-five patients (51.3%) had no known predisposing medical conditions ( Table 3) . Patients younger than 2 years were less likely to have underlying medical conditions than older patients (35.3% vs 55.3%, PϽ.001) ( Table 1) . One hundred twenty-five patients (26.2%) had underlying respiratory system diseases; 108 of them had asthma or recurrent wheezing. Forty-one patients (8.6%) had preexisting neurologic illnesses.
Thirty patients had underlying cardiovascular illnesses. Among these, 8 patients with cyanotic heart lesions were more likely than the rest of the patients to require mechanical ventilation (relative risk [RR], 9; 95% confidence interval [CI], 2.4-25.3; P Ͻ.001).
Twenty patients (4.2%) had neoplastic diseases. They were most likely to be seen initially with fever alone, and 5 of them had fever and neutropenia at the time of influenza infection diagnosis. Eleven patients each (2.3%) had metabolic or renal predisposing illnesses.
INFANTS YOUNGER THAN 3 MONTHS
The most frequent initial clinical syndrome (43.3%) affecting 30 infants younger than 3 months was fever without source (Table 1) . Apnea was the initial symptom in 2 patients. Four of 30 infants (13.3%) were born prematurely at 33 weeks' gestation or earlier. Four infants (all but 1 were born prematurely) required PICU admission; 2 of them (both were premature, and 1 also had cyanotic heart lesions) required mechanical ventilation. None of them died.
CHEST RADIOGRAPHS
Chest radiographic data were available in 374 patients. Radiographs were interpreted by radiologists; 166 (44.4%) were normal. The most frequent radiographic diagnosis was pneumonia (41.2%), which was lobar in 27.3% and showed diffuse infiltrates in 13.9%. Thirteen patients had pleural effusion.
Patients having a diffuse pattern on chest radiographs had a more severe course of influenza, with higher rates of PICU admission compared with patients having an alveolar pattern (RR, 3.1; 95% CI, 1.4-6.5, P =.003). These results are summarized in Table 4 .
PATIENTS ADMITTED TO THE PICU
Patients admitted to the PICU had higher rates of underlying medical conditions compared with patients admitted to the ward (64.3% vs 47.2%, P = .04). These results are summarized in Table 4 .
The 2 main underlying conditions associated with PICU admission were metabolic (RR, 6.5; 95% CI, 1.9-21.7; P=.01) and neurologic (2.9; 1.3-6.6; P=.02) disorders. No significant differences were noted in laboratory markers between patients admitted to the PICU compared with patients admitted to the wards, nor were there differences between these groups in the intervals from onset of symptoms to initiation of oseltamivir treatment.
SECONDARY BACTERIAL INFECTIONS
Ten patients had confirmed bacterial infections. These included 3 Pseudomonas aeruginosa bacteremias, 2 bacteremias and 2 empyemas caused by Streptococcus pneumoniae, 1 empyema and 1 case of tracheitis caused by Staphylococcus aureus, and 1 case of Neisseria meningitidis meningitis and bacteremia.
OSELTAMIVIR TREATMENT
There were no differences between patients treated with oseltamivir within 48 hours from the onset of influenza symptoms and those treated later. Both groups had similar hospitalization durations, PICU admissions, and rates of underlying medical conditions.
MORTALITY
Nine children from different age groups (including 3 patients in our series) died with evidence of 2009 influenza A(H1N1) virus infection during the outbreak in Israel. All had serious underlying illnesses. Fatal cases in our series included 2 patients with inherited metabolic disorder and 1 patient with leukemia. 
COMMENT
Previous studies 8, 9 that assessed the burden of seasonal influenza in hospitalized children used epidemiologic models based on cumulative data rather than data collected from individual patients. In the present study, patients admitted for acute respiratory or acute unspecified febrile illness were routinely monitored for 2009 influenza A(H1N1) virus. Therefore, we had the opportunity to estimate directly the burden and clinical characteristics of this influenza.
Our series included 478 patients with laboratoryconfirmed 2009 influenza A(H1N1) infection, representing the largest series published to date involving children hospitalized with this infection. According to our results, the hospitalization rate for 2009 influenza A(H1N1) infection in Israeli patients 18 years or younger was 0.7 per 1000. Forty-two of our patients (8.8%) were admitted to the PICU. The mortality associated with this infection in Israel was 3.6 per 1 million children, and it was evenly distributed among the different age groups. All fatal cases involved patients with severe underlying illnesses.
The highest rates of hospitalization (3.2 per 1000), PICU admission, and mechanical ventilation were detected in infants younger than 3 months. The rate of prematurity (Յ33 weeks' gestation) was higher in this group of children (13.3%) compared with that among the newborn population in Israel (1.8%).
From our results, it seems that the morbidity and mortality associated with the 2009 influenza A(H1N1) in the pediatric population in Israel was milder than that perceived from earlier studies. [1] [2] [3] [4] [5] [6] [7] Because data about the burden of seasonal influenza in Israeli children are unavailable, we were unable to compare the burden of 2009 influenza A(H1N1) with that caused by seasonal strains. However, our study showed that the hospitalization rates and the severity and mortality of the 2009 influenza A(H1N1) virus in Israeli children were similar to figures reported on seasonal influenza in the United States. [8] [9] [10] [11] The mortality and frequency of required mechanical ventilation in our series were much lower than those in a series from Argentina 6 that reported increased severity and mortality of 2009 influenza A(H1N1) infection compared with seasonal influenza in children. Our results differ for several reasons. The patients in Argentina had different opportunities to access health care facilities, and the median time from onset of symptoms to any medical consultation (outpatient or inpatient) was 4 days, while in our series the median interval from symptom onset to hospitalization was 2 days. Therefore, our results may more closely represent the consequences of 2009 influenza A(H1N1) infection in a population with better access to medical care. Our results are closer to the rates reported in an Australian study 12 for hospitalization, PICU admission, and mortality associated with 2009 pandemic influenza. However, the Australian study was based on cumulative data and did not focus on a pediatric population. Our results on severity of illness are also similar to a those of a recently published Canadian study, 7 although this series was small (including 58 children from a single medical center). It is possible that the coordi- nated efforts of the Israeli National Health System abated the severity of the epidemic and resulted in consequences similar to those of seasonal influenza.
Our results also differ from findings of a study by the Centers for Disease Control and Prevention 4 that reported on 272 patients (including 45% children) who were hospitalized during the early phase of the outbreak; 25% of the hospitalized patients were admitted to the intensive care unit; 7% died. This study included only selected hospitalizations and may not have been representative of the total group of hospitalized children.
In contrast to some earlier studies, 3, 4, 6 we collected data during almost the entire influenza season in Israel. This might be important because reporting data from only part of the outbreak may skew the findings. The severity of cases might differ in various stages of the outbreak, possibly due to synergistic coinfection with other microorganisms circulating simultaneously. This phenomenon was shown in our study by the fact that the rates of patient admission to the PICU were higher toward the end of the influenza outbreak compared with the earlier phase.
The main clinical presentation in our series was pneumonia, followed by ILI/URI symptoms, asthma exacerbation, febrile seizures, and predominant gastrointestinal tract involvement. No specific pattern on chest radiographs was typical for influenza-associated pneumonia; however, patients with a diffuse pattern on chest radiographs had a more severe course, with higher rates of PICU admission compared with patients having an alveolar pattern on chest radiographs.
One of the main clinical features differentiating patients admitted with pneumonia vs ILI/URI symptoms was the interval from onset of symptoms to hospitalization. In patients admitted with pneumonia, this interval was significantly longer, and they received oseltamivir later in the course of illness. We cannot rule out that oseltamivir treatment among patients with ILI/URI symptoms who were hospitalized early in the course of influenza infection might have prevented the development of pneumonia. However, late initiation of oseltamivir treatment (Ͼ48 hours after onset of symptoms) was unassociated with other variables of illness severity, such as PICU admission or hospitalization duration, among our cohort of patients. Our study was not designed to assess the role of oseltamivir treatment in influenza A(H1N1) infection, and the lack of effect of early oseltamivir treatment on the PICU admission rate could be due to the fact that most of the patients were admitted directly to the PICU before they had a chance to receive oseltamivir.
About 49% of our patients had 1 or more underlying medical conditions predisposing them to complicated influenza. Children younger than 2 years had a significantly lower rate of underlying illnesses compared with older patients and are at risk for hospitalization even without preexisting underlying illnesses.
Similar to other investigations of seasonal influenza, 13 asthma was a major risk factor for hospitalization in our series. About 23% of our patients had preexisting recurrent wheezing disorder compared with 7% to 11% in the general pediatric population in Israel. 14, 15 The 2 main underlying conditions predisposing for PICU admission were metabolic and neurologic disorders. Our findings are in agreement with results of recent studies 16, 17 and of earlier studies 18, 19 suggesting that children with neurodevelopmental illness are at greatest risk for 2009 influenza A(H1N1) mortality and for seasonal influenza complications. The susceptibility of patients with inherited metabolic disorders to influenza complications and mortality in our study was more prominent than that reported in the literature. 20 Our study is also the first to describe higher rates of severe disease among patients with cyanotic heart lesions and possibly among infants born prematurely.
Ten of our patients (2.1%) had evidence of invasive secondary bacterial infections. The rate of bacterial superinfection in our series was low. We cannot rule out that some of the pneumonia cases, especially those with lobar infiltrates, represented secondary bacterial infections, as it is almost impossible to detect a bacterial origin of pneumonia in pediatric patients without invasive procedures.
Our study had several limitations. The primary one is possible underestimation of hospitalization rates due to lack of inclusion of patients hospitalized with influenza but not tested for the disease, particularly those without respiratory symptoms. However, because the study team collected the data prospectively, it is reasonable to conclude that most patients were adequately monitored for 2009 influenza A(H1N1) virus. In addition, we calculated the hospitalization rate based on figures reported from 3 hospitals with the highest rates of testing per total number of hospitalized patients.
The indications for hospitalization may have been more liberal in Israel, and this admission policy may have "diluted" the percentage of severe cases and resulted in an artificially lower admission rate to the PICU. However, the rates of mechanical ventilation and mortality, which are the 2 most reliable markers of severity of illness, were much lower in our series than in the Argentinean study. 3 Our rates were probably accurate because virtually every severe acute infectious disease case in Israel occurring during the 2009 outbreak was monitored for influenza infection. In addition, availability of vaccine for 2009 influenza A(H1N1) did not affect the results of this study because the vaccine was introduced late in the outbreak and few children in Israel were vaccinated during the study period.
In conclusion, our study showed that the severity and mortality of 2009 influenza A(H1N1) in Israel were milder than those described in earlier publications and were similar to the figures reported in the literature on seasonal influenza. Children with underlying metabolic and neurologic disorders represent the group at highest risk for severe complications following 2009 influenza A(H1N1) infection. Our results also suggest that children with cyanotic heart lesions and infants born prematurely are 2 additional populations at significant risk for a compli- 
